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学 位 論 文 内 容 の 要 旨 
 
Space industry market and manufacturing have been increased for last decades. 
Furthermore, this trend will continue for next decades. According to the increase in 
the functionality required for a spacecraft, the total electric power consumption of 
the spacecraft increases. Actually, the power consumption will soon reach to a range 
of 100kW to 1MW for large-scale satellites and space stations.  
One of the major problem with the power demand for the high spacecraft 
functionality is the weight of electric harness, which directly affects the launch cost 
of the spacecraft. The harness weight has already occupied about 8% of total weight 
of the latest spacecraft so that further increase in the harness weight will not be 
acceptable.  
The introduction of the high voltage DC power bus in the power supply system 
will be the solution to against the increase in harness weight. The system requires 
high voltage semiconductor device switches for voltage / current conversion and the 
devices will have a risk of low reliability due to the device failure named “single 
event burnout (SEB)” with high energy particles in space, such as protons.  
In order to control failure risk, the failure rate analysis method is to be included in 
the device design scheme of the high power semiconductor device to be used in the 
spacecraft. However, no method had been proposed to analyze or calculate the 
failure probability for space applications of high voltage semiconductor devices.  
The thesis proposes a new method for failure rate analysis for space application, for 
the first time, which is universal so that the method is applicable to high voltage 
semiconductor devices under any space radiation condition in various orbits.  
In Chapter 1 of this thesis, the background of the research is explained, such as 
satellite and space industry development trend and the high power supply system of 
next generation spacecraft. In this chapter, the aim of the research will be clearly 
stated.  
In Chapter 2 of this thesis, basics of high voltage power semiconductor devices are 
explained.  
In Chapter 3 of this thesis, the cosmic ray induced failure and its mechanism 
were explained. This chapter includes two sections. The first one is that 
understanding of cosmic rays and its aspect in spacecraft power system. The second 
one is that semiconductor devices failure mechanism which induced by the cosmic 
rays (high energy particles), including proton-silicon nuclear interaction and charge 
multiplication avalanche phenomena in the silicon power device due to the impact 
ionization. 
In Chapter 4 of this thesis, the proposed method to calculate failure rate was 
introduced. The proposed method is expressed as a simple formula consists of three 
parameters, threshold deposited charge value of power device failure, the 
probability function of the amount of charge generated in the silicon with the high 
energy particle and the high energetic particle flux data in the orbit. For the first 
parameter, the T-CAD simulation was used solving carrier transport equation with 
impact ionization model under deposited charge inside the high electric field 
position of the device. The second parameter was extracted from various data in 
prior articles. The third parameter, the flux data at the orbit environment, was 
extracted from reported project data such as SPENVIS and PAMELA for space 
particle survey. In this failure rate analysis, the energy range of proton flux is 
assumed to be from 1MeV to 200GeV at the low earth orbit condition. Simulated 
device model was 3.3 kV PiN diode. 
In chapter 5 of this thesis, the failure rate of a high voltage power semiconductor 
for the low orbit satellite application is shown for the first time. Comparing the 
failure rate in terrestrial, the calculated failure rate at the orbit is higher by several 
magnitudes.  In a case of 3.3kV class power diode designed for a terrestrial 
condition should be used under 1.5kV for the satellite application. 
I n Chapter 6, the conclusion is given. 
 












































第 6章で、結論を述べている。  
なお、本論文に関し、審査委員並びに公聴会出席者から、様々な質問がなされたが、
いずれも適切に回答がなされた。 
以上により、論文調査及び最終試験の結果に基づき、審査委員会において慎重に審査
した結果、本論文が博士(工学)の学位に十分値するものであると判断した。 
